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(57) ABSTRACT

The image sensing device interface unit attached to an 1mage
sensing device has dedicated means to detect a complete
missing line and to perform clock gating of circuits for power
management self-optimization. For each image frame, the
time interval between start of line 1 and start of line 2 1s
computed and stored 1n a first register. The time interval
between any other pair of two consecutive lines 1s also com-
puted and stored 1n a second register. The stored values are
compared, and 1f the value 1n the second register 1s greater
than 1n the first register, a complete missing line has been
detected and the gated clock used 1n said circuits 1s switched
off for power saving. The interface unit can adapt to any type
of sensor and does not require the help of any processor to
perform the power saving function.

10 Claims, 4 Drawing Sheets
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1
IMAGE SENSING DEVICE INTERFACE UNIT

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to the field of 1mage process-
ing and more particularly to an improved image sensing
device interface unit wherein the power management 1s seli-
optimized. The present invention also concerns a method for
the power management self-optimization of an image sensing,
device iterface unit that 1s based on complete missing line
detection. The 1mage sensing device 1s typically a CMOS
SENSor.

Generally, most sensor interface units are specifically con-
figured for one sensor or a very small set of similar sensors. A
more versatile interface unit could be envisioned, but 1t would
probably be built with several finite state machines (FSM),
one FSM per type of sensor, 1n particular, because each sensor
has i1ts own 1mage size and format. A universal interface unit
that would allow the connection to almost all sensors com-
mercially available on the market would be of course much
appreciated, because it would be independent of the sensor 1n
consideration making thereby the design of the color & for-
mat converter core block connected to 1t much easier.

The sensor and the interface unit are combined with other
clectronic parts 1n a camera. Because cameras are mobile
objects, a major problem 1s power consumption that 1s a
severe cause of limited use. Usually, the power management
of the sensor interface unit 1s externally performed by a pro-
cessor, microprocessor or central processing unit (CPU),
depending on the application.

Theretore, a solution that would avoid the need of such an
external processor and would be 1image si1ze/format indepen-
dent to perform the power management self-optimization of
the sensor interface unit would be highly desirable.

SUMMARY OF THE INVENTION

It 1s therefore a primary object of the present mnvention to
provide a method and system for self-optimizing the power
management of a sensor iterface unit.

It 1s another object of the present mvention to provide a
method and system for self-optimizing the power manage-
ment of a sensor 1nterface unit that 1s internally performed,
thereby avoiding the need of an external processor (e.g. a
CPU).

It 1s another object of the present invention to provide a
method and system for self-optimizing the power manage-
ment of a sensor interface unit that 1s based on complete
missing line detection.

It 1s another object of the present mvention to provide a
method and system for self-optimizing the power manage-
ment of a sensor mterface unit that 1s based on the computa-
tion of the time interval required to process one complete line
of pixels, so that 1t 1s totally independent of the image size/
format, 1.e. of the type of sensor.

It 1s st1ll another object of the present invention to provide
a method and system for selt-optimizing the power manage-
ment of a sensor 1nterface unit by generating a clock gating,
signal that 1s capable to switch oif all possible circuits thereof
when there 1s no 1mage transmaission.

It 1s another object of the present invention to provide a
method and system for self-optimizing the power manage-
ment of a camera.

According to the present invention there 1s first described
an improved 1mage sensing device mterface unit to interface
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2

an 1mage sensing device and a color & format converter (20)
that 1s capable to process the lines and pixels of an 1mage
comprising;

a control register to generate a set of control signals to adapt
the image sensing device interface unit to the specific sens-
ing device being used;

a clock signal generator configured to generate a first clock
signal to be externally used for the synchronization of said

image sensing device and a second clock signal to be
internally used;

a data processing and synchronization circuit configured to
recerve the Start Of Frame signal, synchronization signals
and data from the 1mage sensing device and said second
clock signal to generate regenerated Start of Frame, Start of
Line, End of Line and Data Valid signals and correspond-
ing data to the color & format converter;

a counter and comparator comprising;:

a time 1nterval counter for counting the time interval between
the start of line 1 and the start of line 2 of a frame:;

a time out counter for counting the time 1nterval for any other
pair of two consecutive lines and being reset at each start of
a new line;

a first comparator for comparing the contents of time interval
and time out counting means to generate a first interrupt
signal, referred to as the ‘missing line” interrupt 11 the time
out value 1s greater than the time interval value and con-
figured to apply said interrupt signal to the data processing,
and synchronization circuit which in turn generates a clock
control signal; and

clock gating signal generator connected to the clock signal
generator which 1s configured to generate a gated clock
signal dertved from the second clock signal, that 1s used in
the data processing and synchronization circuit and 1n the
color & format converter as their current clock, the gated
clock signal 1s switched off upon receipt of the clock con-
trol signal for power saving.

Still according to the present invention, there 1s further
described a method for saving power consumption in an
image sensing device mterface unit and the color & format
converter attached thereto comprising the steps of:
providing an 1mage sensing device complying with any stan-

dard that sequentially generates image frames composed of

lines formed by pixels;

connecting an interface unit provided with a time computer
and a clock signal generator to said image sensing device;

computing the time interval between the start of line 1 and the
start of line 2 for each frame referred to as the ‘time inter-
val’;

computing the time 1nterval between each pair of two con-
secutive lines referred to as the ‘time out’, so that 1f the
“time out’ value 1s greater than the ‘time interval’ value, this

means that a complete missing line of pixels has been
detected; and

if a complete missing line 1s detected, generating an interrupt
clock signal that 1s able to switch off the clock signal that 1s
currently used 1n the 1image sensing device interface unit
and the color & format converter circuit for power saving.

As a result, the present invention 1s based on complete
missing line detection to automatically perform the clock
gating 1n a sensor interface unit for the power management
thereol without help of a processor (hardware and software).
On the other hand, because the power management 1s based
on the time interval required to process one complete line of
pixels, 1t 1s totally independent of the type of sensor for total
power management self-optimization.
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These and other aspects of the invention are described in
turther detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows the block diagram of the
improved sensor interface unit according to the present inven-
tion.

FIG. 2 schematically shows the details of the essential
blocks composing the sensor interface unit of FIG. 1 and in
particular the innovative circuit blocks.

FI1G. 3 1s the flow chart showing the algorithm at the base of
the method of the present invention to describe the operation
of the fimite state machine (FSM) depicted in FIG. 2, assum-
ing 1t has four states.

FIG. 4 1s another view, more synthetic, of the operation of
the finite state machine depicted 1n FIG. 3.

FI1G. 5 1llustrates the definition of the time interval accord-
ing to the present mvention which represents the duration
between the start of line 1 to the start of line 2 of an 1mage
being processed.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 schematically illustrates an overview of the block
diagram of the improved sensor interface unit of the present
invention referenced 10, wherein the innovative circuitry 1s
shown 1n bold lines. Now turming to FIG. 1, 1n the described
implementation, the sensor interface unit 10 1s organized
around the data processing and synchronization (DPS) block
11. DPS block 11 first receives three control signals labeled
SOF (start of frame), VSYNC (vertical synchronization) and
HSYNC (horizontal synchronization) and data bits labeled
PIX_D transported on bus 12 (8-bit wide) from the sensor
(not shown) via input terminals 13a, 135, 13¢ and 13d respec-
tively. A master clock generator 14 generates the master clock
MCLK which 1s sent to the sensor via output terminal 13e and
1s also exploited internally in the sensor interface unit 10. As
apparent 1 FIG. 1, this clock signal MCLK 1s applied to
clocking circuit 15 which also receives clock signal PIXCLK
from the sensor via mput terminal 137, Clocking circuit 13
generates a clock signal named Clk that 1s used in some
blocks of sensor interface unit 10 and 1n particular in DPS
block 11. Block 16 essentially consists of control registers
that are configured by software. Block 16 1s connected to the
master clock generator 14 and to DPS block 11 via control
lines 17a.

Among control signals transported on control lines 174,
signals En_M (enable mode), Soif_M (start of frame mode)
and .M (level mode) are important 1n that they make the
distinction between the case where synchronization signals
(e.g. VSYNC) are specifically used and the case where these
signals are mixed with data and do not appear as such. In turn,
DPS block 11 generates control signals: SOL (start of line),
EOF (end of frame), EOL (end of line) and VL (valid data)
and SOF', representing the regenerated SOF signal. These
signals are output on control lines 18. In addition, DPS block
11 outputs data bits now labeled PIXB_D (correspond to data
PIX_D after a certain delay) on data bus 19 (8-bit wide).

These control signals and data bits are applied to the color
& format converter block 20. All the above description 1s
related to the standard construction of a conventional inter-
face unit that 1s placed between a sensor and the color &
format converter core. The innovative part lies 1n the addition
of blocks 16', 21 and 22 that will be now described 1n more
details below. Note that, 1n essence, DPS block 11 1s conven-
tional, just a few minor hardware changes are needed to

10

15

20

25

30

35

40

45

50

55

60

65

4

comply with the invention requirements. Block 16' holds
pixel and line configuration registers that are still configured
by software. Block 21, which contains counters and compara-
tors, has the key role of performing complete missing line
detection and optionally to detect errors 1n the 1mages trans-
mitted by the sensor.

Finally, block 22 1s a clock gating circuit. Block 21 works
with the pixel and line registers of block 16' via data bus 175
(2x11 bit wide) and exchanges control signals with DPS
block 11 via control line 23. DPS block 11 generates a clock
control signal CG that 1s applied to the gating circuit 22 via
control line 24. Gating circuit 22 generates a clock signal,
derived from clock signal Clk, that 1s referred to as the gated
clock signal Clk_G. It 1s applied to the DPS block 11 via
control line 25 and to the color & format converter block 20
(and to other blocks as well 11 so required) as their functional
clock signal.

As 1t will be explained later on, when clock control signal
CG 1s active (e.g. at the high logic level), 1.e. when some
determined process conditions are met, the gated clock signal
Clk_G 1s switched off to save power consumption 1n blocks
11 and 20. The sensor produces the SOF control signal that 1s
synchronized with the master clock signal MCLK delivered
by the master clock generator 14. As a result, all the camera
output data and control signals are synchronized with this
master clock MCLK. However, for a camera compliant to the
CCIR 656 standard, the SOF, VSYNC and HSYNC signals
being not used, the sensor interface unit 10 only runs with the
camera clock PIXCLK.

FIG. 2 schematically shows the details of the essential
blocks composing the sensor interface unit 10 of FIG. 1, 1.¢.
conventional blocks 11, 14, 15 and 16 on the one hand and the
imnnovative blocks 16', 21 and 22 on the other hand. Note that
the DPS block 11 1s now represented by four sub-blocks 11a
to 114. As mentioned above, block 16 includes a number of
control registers that generate various signals such as En_ M
(enable mode), Soi_ M (start of frame mode), L. M (level
mode) and the like that are conventional control signals.

Now turning to FIG. 2, the right clock to match the inter-
face unit 10 timing 1s selected by configuration bits SEL-
_CLK and INV_CLK m clocking circuit 15. The first one
(SEL_CLK) selects etther the master clock (MCLK) or the
camera output clock (PIXCLK) via selector 26. The second
one (INV_CLK) selects either the true or the complement of
the selected signal 1n selector 27 to allow the sensor interface
unmit 10 to sample the data and control signals either on the
rising edge or on the falling edge of this clock. To that end, the
output of selector 26 1s applied directly and through an
inverter to selector 27. In turn, the signal that 1s output from
selector 27 1s the clock signal labeled Clk mentioned above
that will be internally applied to a number of blocks/sub-
blocks of intertace unit 10. Clock signal Clk 1s first applied to
sub-block 11 a usually referred to as the interface signal/
timing logic control (IS/TLC) circuat.

Control signals VSYNC and HSYNC are each ANDed
with control signal En_M 1n AND gates 28 and 29, then the
signals output therefrom are applied to D thp-flops 30 and 31
to generate signals VSYNCI and HSYNCI respectively. Like-
wise, control signal SOF 1s processed with the Sof_M signal
in AND gate 32 and applied to D flip-tlop 33 to generate
signal SOFI. Signals applied to D tlip-tlops 30, 31 and 33 are
launched on the rising edge of clock signal Clk. Control
signals HSYNCI, VSYNCI and SOFI are applied to sub-
block 115 which 1s a finite state machine (FSM) via control
lines 34. In the described implementation, the FSM 115 has
four states as 1t will be better explained later on 1n due course,
however, 1t must be understood that other hardware 1mple-
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mentations could be envisioned as well. Clock signal CIk 1s
also used to generate the Reset signal that 1s applied to FSM
115. To that end, the general system reset signal SysReset 1s
applied to D flip-flop 35 so that 1t 1s launched therein on the
falling edge of the Clk signal (complemented 1n inverter 36).
The Reset signal 1s used as usual to reset the flip-tlops at
initialization.

Sub-block 11c¢ comprises two buffers, mput builer 37
(Bufl_A) and output buifer 38 (Buil_B) each consisting of
cight D thip-tflops (to match with the eight bits of the PIX_D
data). Input buffer 37 1s gated by clock signal Clk that is
output from selector 27 and receives the PIX_D data via data
bus 12 and mput terminal 134 for sampling as standard.
Output butfer 38 1s used to store the PIXB_D data before they
are sent to the color & format converter block 20 via data bus
19 to compensate latency problems between the data and the
synchronization signals. Input buffer 37 1s connected to sub-
block 11d which 1s the control word detection circuit and to
the output builer 38 via data bus 39. Sub-block 114 generates
signals HSAV (horizontal start active video), VSAV (vertical
start active video), HEAV (horizontal end active video), and
VEAYV (vertical end active video) using the usual terminol-
ogy. These four signals are applied to FSM 115 as standard.
As explained above, depending upon the selected mode,
either the VSYNCI, HSYNCI and SOFI or the VSAV, HSAV,
HEAV, VEAV Slgnals are used for synchronization purposes
of the FSM 115.

Innovative block 21 includes three comparators 40, 41 and
42. Time out comparator 40 compares the content of the
interval counter 43 and time out counter 44. For each image
frame, interval counter 43 counts the time interval between
the start of line 1 and the start of line 2, and this value 1s frozen.
It will be reset before the next image 1s processed. Time out
counter 44 does the same job for each pair of two consecutive
lines, e.g. between the start of line 4 and the start of line 5, as
indicated by EOL (or EOF) control signal. If the time out 1s
greater than the time interval value, this means that at least
one complete line 1s missing. The role of comparator 40 1s
thus to detect when the time out 1s greater than the time
interval. In this case, comparator 40 generates a first interrupt
signal, referred to hereinbelow as the ‘missing line’ interrupt.

Error comparator 41 compares the content of line counter
45 (which holds the number of lines per frame) and line
register 46 (1n block 16') to identity a first type of errors (Error
1). Error comparator 42 compares the content of pixel counter
47 (which holds the number of pixels per line) and pixel
register 48 (1n block 16') to 1dentify a second type of errors
(Error 2). Comparators 41 and 42 are optional circuits that are
dedicated to detect errors and/or anomalies 1n the image
transmitted by the camera to generate interrupt signals of
“error” type. The three signals that are output from compara-
tors 40, 41 and 42 are applied as interrupt signals to FSM 115
via control lines 23. On receipt of any interrupt signal, the
FSM 115 generates the EOF pulse which 1s sent to the color
& format converter block 20 on control lines 18 and a clock
control signal labeled CG to the gating circuit 22 that remains
actrve until the next frame 1s recerved. Notethat FSM 115 also
generates other control signals (not shown) that are sent to
block 21 to initiate the comparisons whenever necessary.

As apparent in FIG. 2, in addition to signal EOF mentioned
above, the FSM 115 generates the control signals SOF, SOL,
EOL and VL as standard, but according to the present inven-
tion, 1t further generates this additional clock control signal
CG responsive to any of said interrupt signals. The generation
of clock control signal CG will be explained 1n details later on
by reference to FIGS. 3 and 4. The FSM 115 controls the

counters and comparators in block 21 and validates the active
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pixel data for the color & format converter block 20 by means
ol just one control line, 1.e. VL (data valid).

In essence, block 21 computes the time interval between
the two first lines and the time interval between two consecu-
tive lines, referred to as the time out, for each 1image frame,
and 1f the time out1s greater than the time 1interval, 1t generates
the ‘missing line” mnterrupt signal mentioned above. This sig-
nal will force the FSM 115 to jump 1nto a state, referred to
hereinbelow as the STANDBY (SDBY) state which 1s spe-
cific to the present mvention. In turn, this SDBY state will
generate the CG clock control signal that 1s exploited in the
gating circuit 22 to switch off the gated clock signal Clk_G
(used 1n blocks 11 and 20 as the current clock signal). Clock
control signal CG 1s thus crucial to the implementation of the
power management self-optimization of the present inven-
tion.

Signal SysReset 1s complemented in inverter 49 and
applied to a first input of a two-way AND gate 50 which
receives the clock control CG signal on 1ts other input. The
signal that 1s output from AND gate 50 1s launched 1 D
tlip-flop 51 on the nising edge of the clock signal Clk (once
inverted 1n inverter 36). The signal output from butifer 51 i1s
complemented in 1nverter 33 then applied to a first input of
two-way AND gate 54 which receives the Clk clock signal on
its other 1nput. Gated clock signal Clk_G 1s delivered at the
output of AND gate 34. The particular construction of block
22 allows not to switch off clock Clk_G, so that during the
general reset step, D flip-flops and latches are reset. Output
buifer 38 which 1s normally gated by the clock signal Clk 1n
the prior art implementation, 1s now gated by this gated clock
signal Clk_G according to the present invention. The data
PIX_D builerized 1n butier 38 are output as data PIXB_D on
data bus 19 (8 bit wide).

FIG. 3 shows the flow chart referenced 55 of the algorithm
at the base of the method of the present invention. This algo-
rithm deals with either synchronization mode, irrespective
the synchronization 1s performed with VSYNCI, HSYNCI
and SOFI or with HSAV, VSAV, HEAV and VEAYV signals. As
sake of1llustration, that are labeled INIT, SDBY, VSYNC and
HSYNC. Note that, at the beginning of a frame, the time
interval between line 1 and line 2 1s computed by the interval
counter under the control of states VSYNC and HSYNC.

Now turning to FIG. 3, at imtialization, the FSM 115 1s
reset by the signal Reset (dertved from signal SysReset). This
state 1s referred to as the stand-by state SDBY (box 56). A first
test 1s performed (box 57) to determine whether either signal
SOFI or VEAV 1s active, if “yes”, the FSM 115 goes to a state
labeled INIT (box 58) and 1s now ready to process the frame
to come. Now, a test 1s performed (box 59) to determine 1t
cither one of the three mterrupt (Intpt) signals 1s active (In-
tpt=1). It “yes”, the FSM 115 1s set in the SDBY state, and 11
“no”, another test 1s performed (box 60). If VSYNCI or
VSAV=1, the FSM 115 1s set 1 state VSYNC (box 61). IT
VSYNCI or VSAV does not equal 1, an additional test 1s
performed (box 62). This latter test consists to determine
whether HSAV=1, 1f “no” the FSM 115 returns to the INIT
state and 11 “yes™, the FSM 115 goes to the HSYNC state (box
63). This state 1s rather dedicated to handle the pixels and the
FSM 115 remains in this state as long as signal HSYNC or
HS AV remains active. As soon as an interrupt 1s detected (box
64), the FSM 115 returns to the SDBY state, 11 no interrupt 1s
detected, atest1s performed (box 65). If signal SOFIor VEAV
1s active or signals HSYNCI and VSYNCI are imactive, the
FSM 115 returns to the INIT state, on the contrary, another
test 1s performed (box 66). If signal HEAV 1s active or signal
HSYNCI 1s mactive, the FSM 115 goes to VSYNC state, and
to the HSYNC state if neither condition 1s met.
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If the result of the test performed 1 box 57 1s “no”, an
additional test 1s performed (box 67) to determine whether

signal VSYNCI or VSAV 1s active, 1.e. =1, 1f “no” the FSM
1156 goes to the SDBY state and 1f “yves™ to the VSYNC state.
This latter state 1s operative after each line of pixels has been
processed and remains as such 1in waiting the next one. As a
consequence, a test 1s performed to determine whether an
interrupt 1s detected (box 68). If “yes” the FSM 115 returns to
the SDBY state and 1f “no”, a test 1s performed (box 69). IT
signal SOFI or VEAV 1s active or signals HSYNCI and
VSYNCI are 1nactive, the FSM 1154 returns to the INIT state.
I none of those conditions 1s met, alasttest 1s performed (box
70). It signal HSYNCI or HSAV 1s active, the FSM 115 goes
to the HSYNC state, otherwise 1t goes to the VSYNC state. As
a final result, every time an interrupt signal 1s detected, the
FSM 115 1s set in the SDBY state and the gating signal CG
mentioned above 1s made active and sent to the gating circuit
22 (see FI1G. 2) to generate the gated clock signal Clk_G.

FI1G. 4 shows a more synthetic representation of the FSM
115 operation. Since they are only four states in FSM 115,
two additional D flip-tlops are required to control the (time)
interval counter 43, referred to hereinbelow as the “first lines”
71 and the “first line” 72 flip-tlops. They are set and reset as 1t
will be now explained.

1-State SDBY:

In this state, the “first lines’ flip-flop 1s set.

2-State VSYNC:

When this state 1s entered for the first time from the INIT or
SDBY state, the interval counter 43 1s not running because the
tlip-flop ‘first line” has not yet been set (it 1s set 1n state
HSYNC). The FSM 115 waits until HSYNCI(HCLK) or
HSAV signal 1s detected high, 1.¢. at °1” and on the rising edge
of the Clk clock, the FSM 115 jumps into the HSYNC state.

3-State HSYNC:

When this state 1s entered and the ‘“first lines” tlip-tlop 1s
high, the ‘first line’ tlip-tlop 1s set hugh, the ‘first line’ flip-tlop
1s set high and then, the interval counter 43 counts the Clk
clock cycles during the time the FSM 115 stays 1n this state.
When the HSYNCI si1gnal returns to ‘0’ or when the HEAV
signal 1s detected active, the FSM 115 returns to the VSYNC
state.

4-State VSYNC:

When the VSYNC 1s entered from the HSYNC state, the
‘first lines’ flip-flop 1s reset to ‘0°. The interval counter 43
counts the Clk clock cycles during the time the FSM 115 stays
in this state and the ‘first line” flip-flop 1s high. On the same
event as previously explained, the VSYNC state 1s left for the
next HSYNC state.

S-State HSYNC:

When the ‘“first lines’ tlip-flop 1s reset to the low logical
level, the ‘first line’ 1s reset to ‘O’. The interval counter 1s
frozen since the “first line” thip-tlop 1s low, 1.e. set to ‘0”. This
counter then holds the time 1nterval value between two con-
secutive lines. Once all lines have been received, the HSYNC
state 1s left for the INIT state and then the EOF signal 1s set to
‘1°, or the VSYNC 1s entered again when there 1s no indica-
tion of an end of frame.

6.1-State INIT:

In state INIT, the interval counter 1s running as long the
FSM 115 stays 1n this state, 1.e. that this counter counts the
Clk clock cycles starting from the end of the frame as long as

no VSYNC or VSAV signal 1s recerved. ITthe INIT state 1s left
for the VSYNC state, the time out counter 44 1s reset to ‘0’.
This counter 1s compared to the interval counter 44 when the
tlip-flops “first lines” and “first line” are low and as soon as the
content of the time out counter oversteps the one of the

interval counter, the FSM 115 jumps 1nto the SDBY state (1n
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this state, the Clk clock signal 1s switched off for power
saving). Normally, 1f at the end of a frame, the content of the
line counter 45 1s not equal to the value stored 1n the line
register 46, the interrupt signal corresponding to a missing
line 1s set to “1” or the mterrupt signal corresponding to a line
in excess 1s set to 17,

6.2-State VSYNC

As 1n the INIT state, the time out counter 44 1s running as
long the FSM 115 stays 1n this state. That means this counter
counts the Clk clock cycles starting from the end of line as
long as no HSYNCI or HSAV signal 1s received, in which
case, the HSYNC state 1s entered and the time out counter 44
1s reset to ‘0°. This counter 1s compared to the interval counter
43 when the flip-flops ‘first lines” and ‘“first line” are low and
as soon as the content of the time out counter 44 oversteps the
one of the interval counter 43, a ‘missing line’ iterrupt 1s
raised when the EOF signal has not been set to ‘1°, otherwise,
1.e. when the EOF signal has been detected active, the FSM
115 just jumps to the SDBY state where the Clk clock signal
1s switched off for power saving. It 1s to be noted that for any
interrupt, the FSM 115 jumps 1nto the SDBY state as soon as
the Clk clock 1s switched off, so that the frame will be no
longer processed. Even 1n the case where an EOF signal has
been detected active and the sensing device sends picture after
picture (no continuous video stream), the FSM 115 waits 1n
the INIT state until the time out value 1s reached because the
color & format converter block 20 starts the conversion Bayer
RGB to RGB 24 bits as soon as the first line has been recetved.
That means this block 20 which runs with the same gated
clock, 1.e. Clk_G, as the interface umit 10 can only be switched
ofl after a time equivalent to one more line.

FIG. 5 illustrates the definition of the time mnterval accord-
ing to the present ivention which represents the duration
between the start of line 1 to the start of line 2 of an 1mage
being processed.

While the invention has been particularly described with
respect to a preferred embodiment thereof 1t should be under-
stood by one skilled 1n the art that the foregoing and other
changes 1 form and details may be made therein without
departing from the spirit and scope of the mvention.

What 1s claimed 1s:

1. An improved image sensing device interface unit to
interface an 1mage sensing device and a color & format con-
verter that 1s capable to process the lines and pixel of an 1image
comprising;

a control register to generate a set of control signals to

adapt the 1mage sensing device interface umt to the
specific sensing device being used;

a clock signal generator configured to generate a first clock
signal to be externaly used for the synchronizaton of sad
image sensing device and a second clock signal to be
internally used;

data processing and synchronization circuit configured to
receive a Start Of Frame signal, synchronization signals
and data from the 1image sensing device and said second
clock signal to generate regenerated Start of Frame, Start
of Line, Fnd of Frame, End of Line and Data Valid
signals and corresponding data to the color & format
converter,

the interface unit being characterized 1n that 1t further com-
prises:
counter and comparator comprising:

time interval counter for counting the time interval
between the start of line 1 and the start of line 2 of a
frame;
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time out counting counter for counting the time interval
for any other pair of two consecutive lines and being,
reset at each start of a new time;
first comparator for comparing values in the time inter-
val and time out counters to generate a first missing 5
tine interrupt signal 1f the time out value 1s greater
than the time 1nterval value and configured to apply
said 1nterrupt signal to the data processing and syn-
chronization circuit which 1n turn generates a clock
control signal; and 10
clock gating signal generator, connected to said clock sig-
nal generator, which 1s configured to generate a gated
clock signal derived from the second clock signal that 1s
used 1n the data processing and synchronization circuit
and 1n the color & format converter as their current 15
clock, the gated clock signal being switched off upon
receipt of the clock control signal for power saving.

2. The improved image sensing device interface umt of

claim 1 further comprising:

a configuration register including line and pixel registers 20
for storing a number of lines per frame value and a
number of pixels per line value respectively.

3. The improved 1mage sensing device interface umt of

claim 2 further comprising:

a line counter and a pixel counter; 25

a second comparator for comparing the contents of said
line counter and line register and generating an “error 1
‘type mterrupt signal 1f they are different; and

a third comparator for comparing the contents of said pixel
counter and pixel register and generating an ‘error 2 30
‘type mterrupt signal 1f they are different wherein said
‘error 1 and error 2’ type interrupt signals are processed
as the missing line interrupt signal.

4. The improved 1mage sensing device interface umt of

claim 1 wherein said image sensing device 1s a CMOS sensor.

10

5. The improved 1mage sensing device interface unit of
claim 2 wherein said image sensing device 1s a CMOS sensor.

6. The improved 1mage sensing device interface unit of
claim 3 wherein said image sensing device 1s a CMOS sensor.

7. A method for saving power consumption 1n an 1image
sensing device interface unit and the color & format converter
attached thereto comprising the steps of:

providing an 1mage sensing device complying with any

standard that sequentially generates 1mage frames com-
posed of lines formed by pixels;

connecting an interface unit provided with time computer

and a clock signal generator to said 1mage sensing
device;

computing the time interval between a start of line 1 and a

start of line 2 for each frame:

computing the time interval between any other pair of two

consecutive lines referred to as the time out value, so that
if the time out value 1s greater than the time interval, this
means that a complete missing line of pixels has been
detected; and

11 a complete missing line 1s detected, generating an inter-

rupt signal that 1s able to switch off a clock signal that 1s
currently used in the image sensing device interface unit
and the color & format converter circuit for power sav-
ng.

8. The method of claim 7 wherein said interrupt signal 1s
first applied to a dedicated circuit to generate a clock control
signal which 1s 1n turn applied to a clock gating circuit to
switch off the clock signal.

9. The method of claim 7 wherein said 1mage sensing
device 1s a CMOS sensor.

10. The method of claim 8 wherein said 1image sensing
device 1s a CMOS sensor.
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